The need to measure and evaluate orthotics and prosthetics (O&P) practice has received growing recognition in the past several years. Reliable and valid self-report instruments are needed that can help facilities evaluate patient outcomes. The objective of this project was to develop a set of self-report instruments that assess functional status, quality of life, and satisfaction with devices and services that can be used in an orthotics and prosthetics clinic. Selecting items from a variety of existing instruments, the authors developed and revised four instruments that differentiate patients with varying levels of lower limb function, quality of life, and satisfaction with devices and services. Evidence of construct validity is provided by hierarchies of item difficulty that are consistent with clinical experience. For example, with the lower limb function instrument, running one block was much more difficult than walking indoors. The instruments demonstrate adequate internal consistency (0.88 for lower limb function, 0.88 for quality of life, 0.74 for service satisfaction, 0.78 for device satisfaction). The next steps in their research programme are to evaluate sensitivity and construct validity. The Orthotics and Prosthetics Users' Survey (OPUS) is a promising self-report instrument which may, with further development, allow orthotic and prosthetic practitioners to evaluate the quality All correspondence to be addressed to
Introduction
People seeking orthotic and prosthetic services present with a variety of impairments. Those receiving orthotic services include people with brain injuries, spinal cord injuries, cerebral palsy, stroke and burns, among others. After assessing the patient, an orthotist designs and fabricates an orthosis to lend support or protection to a limb, the spine, or the head. Prosthetic services are provided to people with congenital limb deficiencies or amputations. In these cases, a prosthetist designs and fabricates an artificial hand, arm, foot or leg (American Academy of Orthotists and Prosthetists, 1990 ). The rehabilitation goals in providing orthotic and prosthetic devices are to improve physical functioning and quality of life -goals that require instruments specifically designed to quantify them.
The need to measure and evaluate rehabilitation practice in general and orthotics and prosthetics (O&P) practice specifically has received growing recognition in the past several years (Fuhrer, 1995; Hoxie, 1995 and Polliack and Moser, 1997) . Fuhrer (1995) outlined recommendations for medical rehabilitation outcomes research generated at a 1994 conference organised by the National Center for Medical Rehabilitation Research (NCMRR). Critical to NCMRR's agenda, and reiterated throughout the report, is the need for valid, reliable and change-sensitive outcome measures to evaluate the efficacy and effectiveness of rehabilitation practices. The American Board for Certification in Orthotics and Prosthetics (ABC) echoes this call for certification by encouraging outcomes measurement and clinical pathways within the context of a continuous quality improvement process (Hoxie, 1995 and . Specifically, the quality assessment and improvement standard states, "There is an ongoing quality assessment and improvement program designed to objectively and systematically monitor and evaluate the quality and appropriateness of patient care, pursue opportunities to improve orthotic and/or prosthetic care and resolve identified problems" (ABC Standards of Profession Manual, 2002) .
Much of the O&P research over the past 40 years has focused on biomechanics and engineering.
Examples of pioneering innovations include myoelectric prosthetic hands and the use of stronger yet lighter materials in the fabrication of prostheses and orthoses. Such innovations have greatly improved the function and appearance of these devices (Bowker, 1981) , though users' satisfaction and functional benefits have not been assessed in a comprehensive manner. Industry sales figures are evidence of an innovation's impact on patients, though even this information does not reflect users' continued device use, benefit and satisfaction. Certainly clinicians assess and document patients' acceptance of new devices as a routine part of clinical practice. What is missing is a common method of documenting patients' perspectives of the impact a device and services have on their physical functioning and quality of life. Patient perspectives on devices and services as well as satisfaction with services are widely recognised as important in other areas of rehabilitation and in health care generally. Donabedian (1988) stated "patient satisfaction may be considered to be one of the desired outcomes of care, even an element in health status itself... It is futile to argue about the validity of patient satisfaction as a measure of quality. Whatever its strengths and limitations as an indicator of quality, information about patient satisfaction should be as indispensable to assessments of quality as to the design and management of health care systems". More recently, Ware, et al. (1996) stated that health status and patient satisfaction are the primary outcomes of interest for rehabilitation care. The greatest challenge, they argue, is the lack of standardisation in measures that would allow outcomes to be compared across programmes.
Outcome measurement has been the subject of several articles in O&P trade publications (Bologna, 1998; Otto, 1999 and 2000) . A recurring concern is the industry's need to quantify outcomes as a means of justifying the cost of services to payers and of responding to growing pressure from consumer groups. The industry would benefit from a set of patientreported instruments that can accurately and conveniently measure important and relevant outcomes. Such an assessment could provide many benefits: assist the field develop evidencebased practice and clinical pathways, assure client satisfaction, supplement earnings reports, enhance payer relations, and provide a means of implementing programme accreditation.
Clinicians who provide services to O&P users have made progress in assessing the benefits of services from patients' perspectives. Grise et al., (1993) and Gautier-Gagnon and Grise (1994) developed the Prosthetic Profile of the Amputee (PPA), a questionnaire designed to evaluate factors associated with continued use of a lower limb prosthesis after discharge. Embedded in the PPA is the Locomotor Capabilities Index (LCI), a lower limb functional status measure. The authors report a high level of internal consistency (Cronbach a coefficient of 0.95) for the 14 items of the LCI. To date, the instrument has been validated primarily with a sample of older patients with unilateral, lower limb amputations. Its sensitivity to change, and therefore its effectiveness as an outcome measure, has yet to be established. Legro et al. (1998) developed the Prosthesis Evaluation Questionnaire (PEQ), a conditionspecific measure of, quality of life, functional status, and patient satisfaction. The PEQ consists of 10 separate scales and addresses several important components of prosthesis useappearance, function, quality, and cost. The PEQ's developers reported good reliability for each of the subscales (Cronbach a coefficients ranging from 0.73 to 0.89, with the exception of the scale assessing transfers that had a coefficient of 0.47). Limitations that may detract from its clinical use are the length of the instrument (137 items) and the arduous scoring of visual analogue responses.
Focus on Therapeutic Outcomes (FOTO) also developed a tool to assess multiple outcomes. They were engaged by the Orthotics and Prosthetics National Office in collaboration with ABC to develop an outcome tool to assess patient-reported health status and satisfaction, and prosthetists' perception of function for lower limb amputees (Hart, 1999) . The Orthotics and Prosthetics National Office Outcomes Tool (OPOT) was built around the Medical Outcome Study -Short Form 36 (MOS SF-36) (Ware, 1993), a generic health-related quality of life instrument. The tool also included 13 satisfaction questions and prosthetists' report of clients' ambulation. While psychometric analyses were conducted as part of its development, the cross-sectional nature of the study did not allow assessment of the instrument's sensitivity to change nor its ability to detect subtle changes in lower limb function.
Self-report instruments have also been developed to assess functional status in paediatric patients with limb loss. Pruitt et al, (1996) developed the Child Amputee Prosthetics Project -Functional Status Inventory (CAPP-FSI) to assess prosthetic use and function with patients 8 to 17 years of age with upper or lower limb loss. This group developed a parallel instrument called the Child Amputee Prosthetics Project -Functional Status Inventory for Preschool Children (CAPP-FSIP) (Pruitt et al, 1998) . Both instruments use parents as proxies for children and record both the frequency of performing an activity and whether the child used the prosthesis when performing the activity. While quite promising, these instruments require additional development before they can be used routinely as clinical outcome measures.
Researchers at Bloorview MacMillian Centre developed their own functional index for children with congenital unilateral upper limb loss (Wright et al, 2001 ). The Prosthetic Upper-Extremity Functional Index (PUFI) is used to evaluate a child's ability to perform a variety of unilateral upper limb activities using and not using their myoelectric prosthesis. The PUFI is in its early stages of development with psychometric data based on a small sample of 24 children. The researchers report a software programme currently in development that may facilitate further testing of the instrument.
Efforts to assess user satisfaction have been reported by Polliack and Moser (1997) and by Dillingham et al, (2001) . Polliack and Moser described a simple approach of measuring and evaluating outcomes in an individual O&P practice using an instrument they developed. While they described some of the patient satisfaction items, they did not report evidence of the instrument's validity and reliability. Such evidence would be essential if this instrument was to be used to compare the quality of services across facilities. Dillingham's team conducted follow-up interviews with a retrospective cohort of patients with trauma-related lower limb amputations. Although the information gleaned from these interviews is valuable, the methodology employed is not easily transferred to an O&P clinic as a means of ongoing quality assessment of clinical interventions.
These initial efforts to develop self-report outcome measures and to evaluate O&P clinical outcomes are important steps, but there are still significant gaps in this body of work. Most work focuses on prosthetic users with little attention given to orthotic users, even though orthotics make up a larger proportion of devices fabricated. Physical and occupational therapists, physicians, and epidemiologists have conducted much of their research using generic instruments that have not been developed specifically for O&P services. A comprehensive set of valid and reliable measures is needed that assess relevant aspects of O&P patients' perspectives of function, quality of life and satisfaction. Such a set of measures would support the systematic evaluation of various interventions, help establish clinical pathways and standards of care, and serve as the basis for research-based, quality improvement initiatives.
This report summarises work supported by the National Institute on Disability and Rehabilitation Research through a Rehabilitation Engineering and Research Center on Prosthetics and Orthotics to develop an outcomes database. The objective was to develop self-report instruments for evaluating the outcomes of prosthetics and orthotics services that are clinically useful and possess good measurement properties. This paper describes the initial development of a lower limb functional status instrument, a health-related quality of life instrument, and separate instruments assessing client satisfaction with services and their device.
Methods and results

Initial instrument development
The authors completed a comprehensive literature search using MEDLINE, CINAHL, and Recal to identify generic and O&P-specific outcome instruments. This search yielded several dozen instruments. After input from an advisory committee that included clients, orthotists, prosthetists, physical therapists, occupational therapists, physiatrists, psychologists and social workers it was decided to focus the instruments on the following constructs: upper and lower limb functional status, health-related quality of life, and client satisfaction. Initially, the authors developed a child and adult version for each of these constructs.
First field test Sample
The first field test of the instruments consisted of telephone interviews with a sample of past recipients of O&P services at the Rehabilitation Institute of Chicago (RIC). The sample of 66 respondents consisted of 52 adults and 14 parents answering on behalf of their child. There were 35 orthotics users and 17 prosthetics users in the adult group, and nine orthotics users and six prosthetics users in the child group.
Measure construction
Rating scale (or Rasch) analysis (RSA) (Rasch, 1960; Wright and Stone, 1979; Wright and Masters, 1982) provides a sophisticated means of evaluating each instrument's effectiveness in measuring a specific constructfunctional status, quality of life, and satisfaction. RSA is a probability-based method for converting ordinal level ratings into equalinterval measures and can also be used to evaluate an instrument's reliability. Two estimates are produced by this analysis: a person ability measure and an item difficulty value. A person ability measure is an estimate of each individual's overall performance on the set of items while an item difficulty value is an estimate of the difficulty of performing each task, relative to the other items in the set. Information from RSA allows one to identify items that misfit the construct or are redundant (are of similar difficulty levels as other items in the set) and can be removed. Evidence of construct validity is provided by a hierarchy of item difficulty that is consistent with clinical experience. A Windows-based programme called WINSTEPS (Linacre and Wright, 2002) provides a convenient means of implementing RSA.
A number of psychometric criteria are used to describe the quality of the instrument. These include person separation, which indicates how well the set of items distinguishes different levels of ability within the sample. A separation index of 2.0 corresponds to a reliability of .80, which is interpreted the same as Cronbach's a. Values greater than 2.0 are desirable because at least three strata of persons and items can be distinguished reliably (Fisher, 1992) . Item separation indicates the range of item difficulty covered by the measure. Again, values greater than 2.0 are desirable. The mean person measure indicates how well targeted the item set is to the sample. Using log-odd units (a logit), a mean person measure of zero indicates an item set perfectly targeted to the sample since the mean item difficulty is by default set at zero logits with easier items in the negative range and more difficult items in the positive range. Item misfit reflects the extent to which a significant portion of the sample responds anomalously to a specific item; desirable values are between 0.7 and 1.4. Like a X 2 statistic, fit statistics summarise the residuals between expected and observed responses. Large values (greater than 1.4) indicate excessive "noise" due to unexpected responses; small values (less than 0.7) indicate observed values that are too similar to the expected values. Linacre (1994) reports that a sample size of 50 is sufficient to estimate item difficulties within one logit with 99% confidence, and a sample size of 100 is sufficient to estimate item difficulties within one-half logit with 95% confidence when the items are adequately targeted on the sample's ability level. Thus, the sample size used here is sufficient to estimate item difficulties with adequate accuracy.
First field test results
The first set of outcome measures consisted of separate modules -lower limb function, quality of life, and satisfaction. Each module contained age-specific measures for young children (ages 2-5 years), older children (ages 6-15 years), and adults aged 16 years and older. Feedback from both respondents and clinicians indicated that age-specific measures were cumbersome and impractical. This impression was borne out during the initial rating scale analyses. Therefore, the authors combined the adult and child responses for each of the items that were the same and re-analysed the items for the combined sample. In general, this approach revealed a sensible hierarchy of item difficulty for each of the measures; it also revealed that a number of items were redundant. The limited number of respondents with upper limb impairment led the authors to defer development of this functional status measure.
Instrument revisions Lower limb functional measure
In addition to combining the items into a single instrument for all age groups, 12 of the original 25 items were dropped due to misfit, redundancy, or because they were age-specific tasks. Next, the authors developed 7 new items using input from clinicians and consumers with the intent of expanding the range of item difficulty. In addition, a sixth rating scale category was added to distinguish the inability to perform a task from never doing a task. The revised instrument consists of 20 items and has six response categories (very easy, easy, slightly difficult, very difficult, cannot perform the activity, never performed the activity).
Health-related quality of life
As with the lower limb functional measure, the items were combined into a single instrument for all age groups. Many age-specific items were dropped and the multiple rating scales were revised to two rating scales. The revised health-related quality of life instrument consists of 23 items and uses two, five-level response categories: a frequency scale (all of the time, most of the time, some of the time, a little of the time, none of the time) and an extent of agreement scale (not at all, slightly, somewhat, quite a bit, extremely).
Follow-up evaluation of satisfaction with device
The initial satisfaction measure consisted of 27 items addressing both device and service issues and used a variety of rating scales. As with the other measures, redundant items were dropped and the multiple rating scales revised into a single rating scale. The revised follow-up evaluation of client satisfaction with devices consists of 11 items and uses one rating scale with four "extent of agreement" response categories (strongly agree, agree, disagree, strongly disagree). Initial analysis showed that two items dealing with the cost of the device ("I can afford the out-of-pocket expenses to purchase and maintain my prosthesis/orthosis" and "I can afford to repair or replace my prosthesis/orthosis as soon as needed") misfit the construct indicating that cost issues are distinct from the overall construct of device satisfaction. Although the authors did not combine these items with other satisfaction items to obtain a total measure, they were retained in the instrument because they are relevant to client compliance and health care policy issues.
Follow-up evaluation of satisfaction with services
Redundant and misfitting items were dropped while three new items were added. Feedback from consumers guided the development of new items. The revised follow-up evaluation of client satisfaction with services consists of 10 items and uses the same four "extent of agreement" response categories as the satisfaction with device measure. The revised OPUS instrument is included in the Appendix.
Second field test Sample
Paediatric clients receiving outpatient services at Shriners Hospital for Children in Chicago, adult clients receiving O&P services at RIC, and past recipients of RIC O&P services formed the second field test sample. The combined sample consisted of 164 subjects, including 80 adults and 84 children. In the adult group, 43 were orthotics users and 37 were prosthetics users; in the child group, 36 were orthotics users and 48 were prosthetics users.
Second field test results
Results of the rating scale analysis for each of the instruments in terms of mean person measure, person and item separation, and item misfit are presented in Table l.The criteria for acceptable psychometric characteristics are presented above. Lower limb functional measure: Rating scale analysis of the lower limb functional status responses yields desirable person and item separation statistics. The item map for this scale (Fig. 1 ) depicts the item hierarchy in equalinterval log-odd units ("logits"). By default, the mean item difficulty is zero with easier items in the negative range and more difficult items in the positive range. The map shows that the easiest items are "get on and off toilet," "get up from a chair," and "walk in-doors." Items of average difficulty include "pick up an object from the floor while standing," "get on and off an escalator," and "walk out-doors on uneven ground." The most difficult items are "walk up to two hours" and "run one block." Three items misfit slightly: two are relatively easy items ("dress lower body," "put on and take off prosthesis or orthosis"), and the third is the most difficult item ("run one block"). It is often the case that relatively easy and hard items misfit because they are least well targeted on the sample. The misfit in "running one block" is understandable in that aerobic capacity and desire for strenuous activity are required to rate this item as easy to perform, criteria that are distinct from the underlying construct of lower limb function. In spite of these slight misfits, all of the items are retained because they are both clinically relevant and constitute a measure spanning a wide range of ability. The items are well-targeted to the sample as indicated by a mean person measure of 0.58 logits; as a group; the sample performed slightly above the average difficulty of the items.
Health-related quality of life: Rating scale analysis of the health-related quality of life responses also yields desirable person and item separation statistics. The item map for this scale (Fig. 2) depicts the item hierarchy after negative items were reverse-scored so that larger values would indicate a higher quality of life for both positively and negatively worded items. The map shows that the easiest items to endorse are "how often during the past week have you been happy," "how often during the past week have you felt calm and peaceful," and "how often during the past week did you have a lot of energy." Items of average difficulty include "how often during the past week have you felt downhearted and depressed," "how much does pain interfere with your activities (including both work outside the home and household duties)," and "how much does your physical condition restrict your ability to do chores." The most difficult items to endorse are "how often during the past week did you feel worn out" and "how often during the past week did you feel tired." A low level of quality of life is reflected in endorsement of only the most frequently endorsed (easier) items and a high level of quality of life is reflected in endorsement of even the least frequently endorsed (hardest) items. Three items misfit slightly: "how much does your physical condition restrict your ability to do paid work," "how much does your physical condition restrict your ability to go to school," and "how much do you keep to yourself to avoid the reaction of others to your use of a prosthesis or orthosis." It is likely that the paid work and school items misfit because they were completed by only part of the sample. The set of items are reasonably targeted to the sample as indicated by a mean person measure of 1.06 logits; the sample as a whole performed above the mean difficulty of the items. Follow-up evaluation of satisfaction with device: Rating scale analysis of the satisfaction with device responses yields acceptable person and item separation statistics. The item map for this scale (Fig. 3) depicts the item hierarchy. The map shows that the easiest items to endorse are "the weight of my prosthesis (or orthosis) is manageable" and "my prosthesis (or orthosis) is durable." Items of average difficulty were "it is easy to put on my prosthesis (or orthosis)" and "my clothes are free of wear and tear from my prosthesis (or orthosis)." These two items also misfit slightly. The most difficult items to endorse are "my skin is free of abrasions and irritations" and "my prosthesis (or orthosis) is pain free to wear." The items are reasonably well targeted to the sample as indicated by a mean person measure of 1.01 logits.
Follow-up evaluation of satisfaction with services:
Rating scale analysis of the satisfaction with services responses also yields acceptable person and item separation statistics. The item map for this scale (Fig. 4) depicts the item hierarchy. The map shows that the items easiest to endorse are "I was shown the proper level of courtesy and respect by the staff and "I received an appointment with a prosthetist/ orthotist within a reasonable amount of time." Items of average difficulty are "I am satisfied with the training I received in the use and maintenance of my prosthesis/orthosis" and "the prosthetist/orthotist gave me the opportunity to express my concerns regarding my equipment." The items most difficult to endorse are "I was a partner in decision-making with clinic staff regarding my care and equipment" and "The prosthetist/orthotist discussed problems I might encounter with my equipment." None of the items misfit the construct. Not unlike other satisfaction instruments, the items are mistargeted to the sample as indicated by a mean person measure of 2.91 logits. This mistargeting reveals that the sample as whole reported a high level of satisfaction with services and is reflected in the lower level of separation. While clients completed OPUS with a research assistant rather than with clinic staff, it may be that clients who were concerned about the confidentiality of their information minimised their dissatisfaction, thus inflating their measures. 
Discussion
The study objectives were to develop selfreport instruments for evaluating the outcomes of prosthetics and orthotics services that are clinically useful and demonstrate good measurement properties. Consumer and clinician input were used to develop a large set of potentially useful items and they were honed to a small enough set that can be used without undue patient burden. The instruments contain a sufficient number of items to demonstrate adequate internal consistency. The authors used contemporary measurement technology to evaluate the fit of individual items to the underlying constructs and reveal the clinical sensibility of each item hierarchy. After demonstrating the instruments' sensitivity to change, distinctions between clinical groups with known differences, and correlations with performance-based measures, OPUS may be a useful clinical management tool for use with prosthetic and orthotic clients.
Several clinical applications may be possible after additional validation tasks are completed. OPUS may be useful for prosthetic and orthotic programmes in undertaking quality assessment and improvement activities, evaluating changes in patients' functional status and quality of life, and assessing satisfaction with devices and services. OPUS assesses clinically relevant domains of patient experience that should help clinicians provide high quality care. For example, a multi-facility database using the same instrument would allow outcomes to be compared across facilities; facilities with lower than expected functional gains or low levels of patient satisfaction could implement corrective action. Patients with atypical response patterns (e.g., difficulty performing items that are easy for most patients and little difficulty performing items that most patients find difficult) could be easily identified and questioned in greater detail during follow-up evaluations about their unique needs or the environment that makes their experience unique. When adequate sensitivity to change of the lower limb instrument is demonstrated, patients who achieve minimal improvement in function could be identified and corrective action taken. Patients who report a low or declining quality of life might be referred for mental health consultation. Finally, clinicians could follow-up with patients who are not satisfied with one or more aspects of their services for further evaluation.
The authors realise that this study has several limitations: Clients were selected from only two rehabilitation programmes. It is possible that clients referred for O&P services in other settings might report a narrower or broader range of responses. While the sample is diverse in terms of age and impairment, and the sample size is sufficient to estimate item difficulties confidently, it is not large enough to discern differences in sub-groups of clients (adults and children, prosthetic and orthotic users). As noted above, additional work must be completed to demonstrate OPUS' sensitivity and construct validity. The current work will ameliorate these limitations. In particular, several facilities are collecting data at multiple time points. The new sample will reflect the characteristics of a larger patient population and allow the evaluation of sensitivity to change over time. It will also be possible to contrast patients of varying ages, with prosthetic and orthotic devices, and various types of impairments.
Future research activities also include developing a measure of upper limb functional status, evaluating instruments' sensitivity to change, and discerning differences between patient groups with different types of impairment. Work is underway to evaluate a set of upper limb items. The relatively small population of patients using upper limb prostheses and orthoses requires greater time and resources. The authors have secured the participation of several clinics in the United States and Canada that have diverse patient populations in order to evaluate sub-group differences in function, quality of life and satisfaction, as well as different ways these groups might define these constructs.
In summary, the four components of OPUS, lower limb functional status, quality of life, satisfaction with devices and satisfaction with services, provide clinicians with promising tools to evaluate individual client and programme outcomes. The psychometric properties are good as the instrument demonstrates the ability to detect a wide range of function, quality of life and satisfaction, and possesses good internal consistency. The next steps are to evaluate the instruments' sensitivity to change over time, correlation with performance-based instruments, and differences across patient groups defined by impairment and prescribed device. .,u.l^,..,.A....,_._.;.,,,:V\.:. .,!..' •.:..•..., _:.... ., " .. '^., ::,..,.,^,:i,.,,,,.,..",.. •.^.••.•l*.^...,^ ... u-^.,.;.,', 
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Get into and out of tub or shower
Dress lower body
